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CHAPTER 1 
INmOmCmON 
Contemporary general-purpose time-sharing systems provide pro- 
gratming language, file-handling and interactive facilities to many 
users simultaneously; and special-purpose information storage and 
retrieval systems provide advanced data-handling capabilities allowing 
the user to store and retrieve data by logical expressions of keywords 
which characterize the data. The power inherent in these two develop- 
ments, however, cannot be fully realized unless integrated systems 
which combine these features become available. This is because 
general-purpose time-sharing systems do not provide for the advanced 
data-handling capabilities available on information storage and retrieval 
systems, while information storage and retrieval systems do not provide 
the user with comprehensive sets of programming languages and interactive 
computational facilities. It is felt that an integrated system with 
both types of capabilities would be able to handle a far wider range of 
applications than either type of system alone could. 
In this report, the design of an integrated system known as the 
Extended Data Management Facility (EDMF) is presented. This Facility 
combines the RCA Time Sharing Operating System (TSOS) with novel data- 
handling and access control capabilities to be discussed in sequel. 
The EDMF provides a generalized record organization which separates 
structural information common to all records from information which 
differs from record to record within the file. This organization enhances 
flexible use and creation of records, reduces the time required for 
real-time modification of records, and minimizes record storage require- 
ments. The generalized record organization is discussed in Chapter 2. 
The EDMF also provides a generalized file structure which includes 
among other new file structures the contemporary indexed-sequential, 
inverted, and Multilist as special cases. The generalized file structure 
allows the user to determine the optimum structure or to select from 
among a large number of standard structures for his file. Along with 
the generalized file structure, the EDMF provides an efficient record 
retrieval algorithm which minimizes the movement of the access mechanism 
of direct access storage devices with moveable heads. Tne generalized 
file structure and retrieval algorithm are discussed in Chapter 3. 
Control of user's access to data is provided by the EDMF and 
is discussed in Chapter 4. The access control facilities provide pro- 
tection and control for whole files, records within files, and fields 
within records. Information access rights are associated with individual 
users, rather than with files as in most contemporary systems. These 
features enable an owner of information to define the access rights of 
each potential user of his information on an individual basis, to parti- 
tion a file into sections with different protection measures, and to 
determine the information in a record that each user is entitled to 
receive. 
A set of processing functions (available through on-line commands 
and system macro-instructions) is provided by the EMF for specifying 
file structures and record organizations, for creating, modifying, and 
delet ing f i l e s ,  and f o r  storage and r e t r i eva l  of information using 
log ica l  and arithmetic expressions of keywords. Other functions enable 
the  f i l e  owner t o  exercise privacy measures and access control over his 
data.  These EDMF functions a r e  described i n  Chapter 6. 
Special prograllnning a ids  a r e  provided f o r  creating and executing 
blocks of system commands and user programs (cal led "procedurestf) 
which can be stored f o r  repe t i t ive  use. These a ids  a r e  discussed i n  
Chapter 5 .  
I n  Chapter 7, the techniques f o r  the  implementation and t e s t ing  of 
the EDMF a r e  presented. The appendix contains a flowchart showing the 
in te r re la ted  EDMF program modules. 
Finally,  i n  Chapter 8, the EDMF is discussed i n  two roles:  a s  a 
system programming t o o l  f o r  experimenting with fu ture  data management 
and information systems on the one hand, and a s  an operating system fo r  
the  support of advanced and diverse applications on the other hand. 
CHAPTER 2 
FZCORDS AND RECORD ORGANIZATIONS 
1. Introductory Definitions 
Under the common usage of the term, a field or data item, is 
the smallest piece of information distinguishable by the data manage- 
ment system and application programs referring to it. !That is,, the 
field is the smallest unit of information of interest to the user. 
A field may be a string of characters or numbers. 
When discussing fields, it is often useful to separate the term 
describing or naming the field from the actual contents of the field. 
This is done by referring to the term describing the field, or field 
identifier, as an attribute, and the contents of the field as the value 
of the attribute. For example, the first five columns of a punched 
card containing a FORTRAN statement are used for the statement number. 
Thus, the attribute of this field may be "statement number", while 
the possible values of this attribute consist of all 5 digit integers 
(including such numbers as 00001) . This means that a field may be 
considered to be the pair of the attribute describing the field and 
the particular value contained in the field, i.e., an attribute-value 
pair. -
A logical or user record is a collection of attribute-value 
pairs in which there is a well-defined relationship among the 
attribute-value pairs of the collection. &is relationship is called 
the record organization. An example of a particular type of record 
organization, a tree structure, is shown in Figure 2.10, It is 
important to distinguish between the logical record and the ~hysical 
record which is used by a particular data management system to store 
and retrieve the logical record, and which represents the logical record 
by various combinations of bits and bytes in computer storage. The 
user must supply not only the characters which make up the attributes 
and values of logical records being stored, but also must provide 
sufficient information to describe the logical record organization. 
However, the fact that logical records are represented in the form of 
physical records may be transparent to the user. In other words, the 
user always sees his records as logical records and only the data 
management system handles them as physical records. 
Naturally, the physical record has its own organization, which 
determines where and how the information from the logical record is 
physically placed. In the following sections of this chapter, the 
term 'record' will be used to mean 'physical record' and various types 
of physical record organizations will be discussed, from the simplest 
to the most complex ones. It will be shown that the simple types of 
physical records are inadequate to store logical records with com- 
plex record organizations which are essential in modern data processing 
in such a way as to provide efficient storage and retrieval and space 
utilization. It will then be shown that a particular physical record 
organization, the EDMF record and template, has great advantages in 
storage and retrieval, economical use of storage space, and speed of 
updating . 
2. Record Organization 
Once a processing program has been given a record, it should 
require only two pieces of information in order to process a field 
of the record: where the field is in the record, and how long the -
field is in basic machine units, i.e., words, characters, bytes, etc. 
This information is syntactic or structural information, as opposed 
to semantic information. The semantic information concerns what the 
processing program is to do with the data in a field once the field 
is located. The structural information may be placed in a) in the 
record itself, b) implicit in the program, c) explicit in the program, 
d) in a separate control block, or e) in a combination of these loca- 
tions. It is the purpose of this section to discuss record organization, 
and explore the various types of records whose structural information 
could fall into the above categories. 
3. Fixed-Format Records 
The simplest type of record is typified by the F O R W N  input card. 
In the FOREIAN card, there are four basic fields: columns 1-5 used 
for the statement number, column 6 used for continuation, columns 7-72 
used for the FORTRAN statement, and columns 73-80 used for card sequencing 
or other user data (see Figure 2.1). The important fact is not that 
there are only four fields, but that the four fields are each fixed 
length, have fixed position with respect to each other, occur a fixed 
number of times on the physical medium (once each), and occur in the 
same place in each physical record (80-column punched card). With this 
record organization the processing program always knows where to find 
any given field, because it is in the same place in every record. Thus, 
1. columns 1-5:  attribute-S'13ATEMENT NUMBER, value - 5 digit 
statement number 
2. column 6: attribute-CONTINUATION INDICATOR, value - character 
denoting continuation or blank 
3. columns 7-72: attribute-FORTRAN SmTEMENT, value - any FORTRAN 
statement 
4. columns 73-80: attribute-USER DATA, value - anything 
Figure 2.1 A Fixed-Format Record 
the organization of the record can be specified in to  the program 
implicit ly,  tha t  i s ,  the  program instructions can be written under the  
assumption tha t  the individual data f i e l d s  a re  i n  the  same place i n  
each record and a re  of fixed length. For example, the FORTRAN compiler 
does not have t o  search the  80-coIumn input records f o r  the statement 
number, but rather  uses the f i r s t  5 columns of the record a s  a matter 
of course (provided they a re  non-zero and not a comment). 
Unfortunately, most data i s  not of the same simple organization 
as FORTRAN statements. Naturally occurring data may have repeating 
f i e l d s  which occur a variable number of times, may often not occur a t  
a l l ,  and may have variable lengths. Such data could not eas i ly  f i t  
i n to  the record organization described above, i f  a t  a l l .  Thus there 
i s  a lack of f l e x i b i l i t y  i n  the fixed-format record organization which 
often necessi ta tes  the use of more complicated record types. 
4. Records with Variable-Lenhh Fields 
An extension t o  the type of record organization described above 
i s  t o  allow variable-length f i e lds ,  while s t i l l  requiring r i g i d  order 
of f i e l d s  and fixed repet i t ions.  In  order t o  do th i s ,  the processing 
program must be informed how long each f i e l d  is, so it can f ind  where 
one f i e l d  ends and another s t a r t s .  This can be done by providing 
exp l i c i t l y  a length indicator f o r  each f ie ld ,  a s  shown i n  Figure 2.2, 
or by having a delimiting character (mark the end of each f ie ld)  so t h a t  
the program can determine f o r  i t s e l f  how long the f i e l d  is, a s  i n  
Figure 2.3. In  the past many data processing applications have made 
use of delimiting characters especially on such equipment a s  the  IBM 
1400 ser ies ,  where special  hardware f a c i l i t a t e d  the ident i f ica t ion  of 
























































































































































